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Million Tons
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Billion Cubic Feet (BCF)

Kentucky Natural Gas Consumption for Electricity Generation, 1960-2050
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Million Tons of CO2
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A Quick Introduction to

Kentucky Electricity Portfolio Model

Download the Full Report
“Economic Challenges Facing Kentucky’s Electricity Generation Under Greenhouse Gas Constraints”
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Historical Data Inputs, 1895-2013

Kentucky Electricity Porifolio Model v.2.0 Design Plan Forecast Outputs, 2013-2100
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Nomeplate Capacity (MW)—~Maximum rated full-load output.
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Environmental Regulations

The dispatch optimization algorithm will adhere to any combination of the following types of
environmental constraints, which will never be violated or ignored.

Portfolio CO, mass emissions limits can be specified in Ibs in any year.
When violated, algorithm will achieve compliance by optimizing on $ per LB of CO, reduced.

* Porffolio CO, emission rate limits can be specified in lbs per MWh in any year.
When violated, algorithm will achieve compliance by optimizing on $ per LB of CO, reduced.

* Unit-level CO,, SO,, and NOy limits can be specified in lbs per MWh in any year.

Units in violation will be retired.

* New Source Performance Standards for CO,, SO,, and NOy limits in Ibs per MWh.

Units in violation will not be built.

 CO,, SO,, and NOy fines can be specified in $ per Ib in any year.
Cost of emissions is incorporated info Variable Operations and Maintenance (VOM) costs. The unit
will be run if it remains least-cost despite the fine, otherwise the next cheapest technology will be used.

energy.ky.gov 11



Million Tons of CO2

Kentucky Carbon Dioxide Emissions from Electricity Generation, 2000-2100
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Electricity Generation (GWh)
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Million Tons of CO2
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Electricity Generation (GWh)

Kentucky Electricity Generation 1990-2100

300,000 Example: Mass Emissions Limit
275,0001 Scenario 14

250,000
225,000

200,000~

175,000 Constraint Satisfied
Nuclear Required to Achieve Mandated Reductions
150,000-

125,000~
100,000~
75,000
50,000
25,000
-

1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

- Biomass - Natural Gas - Nuclear

- Solar - Wind - New Coal - Coal

I Hydro

Kentucky Electricity Portfolio Model, EEC-DEDI, 17 Nov 2013 Scenario: 14

energy.ky.gov

15



Kentucky Carbon Dioxide Emission Rate from Electric Power, 2000-2100
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Electricity Generation (GWh)

Kentucky Electricity Generation 1990-2100
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Portfolio Standards

The dispatch model algorithm has a versatile set of portfolio standard options,
designed to process most types of portfolio standards. The algorithm will search for
the least-cost portfolio that satisfies the portfolio standard.

* Staff can specify a “category’” and determine what types of generation are part
of this category. An example of a category could be “renewables” or “coal”.

* A category minimum porifolio standard can be specified in MWh and/or as a
percentage of total generation in every year.

* A category maximum porifolio standard can be specified in MWh and/or as a
percentage of total generation in every year.

* Unlike Version 1.0 of the Portfolio Model, where the user specified exactly how

electricity would be generated by optimizing within constraints, Version 2.0 more
realistically mimics real world market dynamics.

energy.ky.gov
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Kentucky Electricity Generation, 2085
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Electricity Generation (GWh)

Kentucky Electricity Generation 1990-2100

Example: Minimum Portfolio Standard
250,000 scenarios 22-27: 40% Coal Portfolio Standard

225,000
200,000
175,000
150,000
125,000
100,000

>40% Least-Cost Coal Technology

Everything Else Least-Cost

75,000~
50,000
25,000~

0_

T |
1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 21

|
00

- Biomass - Natural Gas - Nuclear

0 solar [ Wind B New Coal [N Coal

I Hydro

Kentucky Electricity Portfolio Model, EEC-DEDI, 25 Apr 2014 Scenario:26

energy.ky.gov

20



Hierarchical Constraints

The dispatch model algorithm has a variety of complex and potentially conflicting
user-specified constraints.

1. Physical resource and technology limitations define the parameters of what is
possible.

2. Environmental regulations, including portfolio carbon dioxide emission rate or
mass limits or unit-level CO,, SO,, or NOy limits will not be violated, regardless of

costs or implications.

3. Electricity demand will be met so long as there are resources to do so without
violating environmental constraints.

4. Portfolio Standards will be adhered to so long as they are physically possible and
do not violate environmental regulations. Portfolio standards that conflict with

environmental constraints, or that are not achievable will be ignored.

5. Least-cost electricity will be delivered while above constraints are satisfied.

energy.ky.gov 21



Electricity Generation (GWh)

Kentucky Electricity Generation 1990-2100
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Unit Retirements

The dispatch algorithm can autonomously choose to retire existing and future
electricity generation units for one or more of the four following reasons.

1. Environmentalretirements occur when the unit’sindividual emissionsof a
criteria pollutantviolate the maximum allowable emissions rates or when
shutting off the unitis the least-cost means of complying with a portfolio-wide
CO2 emissions standard.

2. Economicretirements occur when the total costs of continuingto operatea
generating asset are higher than the costs of abandoningthe asset, includingthe
capitalinvestedintoit, and buildingand operatinga suitable replacement. An
economic retirement can also occur if the unitis no-longer needed to generate
electricity.

3. Age-out retirements occur when the unit has exhausted its usable system life as
specified in its physical characteristics.

4. Staff-specified retirements occur when the planned date that a particular unit
will go offline has already been made known to staff, either publically or
confidentially, by the owner or government regulator of the asset.

energy.ky.gov 23



Electricity Generation (GWh)

Kentucky Electricity Generation 1990-2100
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Kentucky Costs of Electricity Generation by Technology, 2030
Low Carbon Technologies Only (<=1.1Ibs per kWh)
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Detailed Cost Data Available on Pages C.89 and C.90 of Complete Report 25
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Technology (i(fe(: E\c/)vS;) primary Fuel| "IEES Cs:ca;l:y S Sty | S | el ::2 Le(?(:aTrI: i (Ib./clai/\/h) (Ib.;ll\(/T\xNh) (Ib.jl\(jlzwh)
Bicanass Cambined Cycle $0.21079 | Biomass 20 0.83 8180 | 356.07 | 17.49 30 12350 5 0 0.09 0

20 MW Photovoltaic $0.19691 Solar 20 025 | 4183 | 27.75 0 30 0 2 0 0.01 0
150 MW Photovoltaic $0.18186 Solar 150 0.25 3873 | 24.69 0 30 0 2 0 0.01 0
Fuel Cells $0.18170 | NaturalGas | 10 0.9 7108 0 43 30 9500 2 1235 | 0.1235 0.00124
Single Unit IGCC with CCS $0.13668 Coal 520 0.83 6599 | 72.83 | 8.45 30 10700 | 7.5 220 | 0.08025 0.1605
Single Unit Advanced SCPC with CCS | $0.12244 Coal 650 0.85 5227 | 8053 | 951 30 12000 | 7.5 247 0.72 0.24
Biomass Bubbling Fluidized Bed $0.11795 | Biomass 50 078 | 4114 | 10563 | 5.26 30 13500 | 3.5 0 1.08 0
Dual Unit Advanced PC with CCS $0.11403 Coal 1300 | 085 | 4724 | 66.43 | 951 30 12000 9 247 0.72 0.24
Combustion Turbine $0.11308 | NaturalGas | 85 0.3 973 7.34 | 1545 30 10850 3 1269 | 0.3255 0.01085
USCPC with CCS $0.11145 Coal 550 085 | 5130 | 47.3 9.2 30 10270 | 125 205 0.7189 0.00001
USCwith Oxy Combustion CCS $0.10469 Coal 550 0.85 4770 | 4555 7.1 30 10353 | 125 135 | 0.72471 0.21741
Single Unit IGCC $0.09752 Coal 600 085 | 4400 | 6225 | 7.22 30 8700 55 1792 | 0.065 0.2175
Imported Wind $0.09468 | Wind 30 0.34 2513 | 39.55 0 30 0 2 0 0.01 0
Advanced Combustion Turbine $0.09100 | NaturalGas 210 0.3 676 7.04 10.37 30 9750 3 1141 0.2925 0.00975
Dual Unit Nuclear Reactor $0.08915 | Uranium | 2234 0.9 5530 | 93.28 | 2.14 30 10452 11 0 0.01 0
Dual Unit IGCC $0.08809 Coal 1200 | 085 | 3784 | 5139 | 7.22 30 8700 8 1792 | 0.065 0.2175
Small Modular Nuclear Reactors $0.08267 Uranium 180 0.9 5000 93.28 2.14 30 10452 9 0 0.01 0
Advanced NGCC with CCS $0.07846 | NaturalGas | 340 0.87 2095 | 31.79 | 6.78 30 7525 5 90 0.05644 0.00753
Single Unit Advanced SCPC $0.07683 Coal 650 085 | 3246 | 37.8 4.47 30 8800 6.5 1813 | 0.528 0.88
USCPC with 20% Biomass $0.07345 |  Cofire 650 085 | 3147 | 3118 | 4.47 30 8800 6.5 1496 0.53 0.88
Dual Unit Advanced SCPC $0.07190 Coal 1300 | 0.85 2934 | 31.18 | 4.47 30 8800 8 1813 | 0.528 0.88
Ultra-Supercritical PC $0.07060 Coal 550 085 | 3000 | 34.16 5.2 30 7654 6.5 1554 | 0.53578 0.65824
Combined Heat & Power $0.06864 | NaturalGas | 10 0.87 2278 7.5 6.1 30 6007 25 364 0.1802 0.006
Conventional Hydroelectric $0.06528 Hydro 10 0.52 2936 14.13 0 30 0 6 0 0 0
Natural Gas Retrofit of SC PC Boiler $0.06101 | NaturalGas 250 0.87 250 25 3.6 30 9355 2 1095 0.28065 0
Municipal Solid Waste Combustion $0.05587 LFG 20 0.85 4001 97.1 9 30 18000 3.5 0 4.86 1.26
Natural Gas Combined Cycle $0.05534 | NaturalGas| 620 0.87 917 | 13.17 3.6 30 7050 3.5 825 | 0.05288 0.00705
Advanced NGCC $0.05327 | NaturalGas | 400 087 | 1023 | 1537 | 3.27 30 6430 35 752 | 0.04823 0.0064
Municipal Solid Waste Gasification | $0.05118 LFG 27 0.85 3784 90.5 -10 30 13600 5 0 3.67 0.952
USCPC with 20% Biomass - Retrofit | $0.03230 | Cofire 650 0.85 213 1.06 0.45 30 10600 2 1802 0.64 1.06
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Full-Time Jobs

Kentucky Employment Forecast, 1970-2050

Nuclear Banned Portfolio
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Change in Employment, 2035
(Full Time Jobs)

Portfolios
Federal Policy Options 1: Nuclear 2: Nuclear | 3: Balanced 4: Coal
Banned Allowed Portfolio Portfolio
1: Reference Case (0} (0} 0 0
2: Carbon Price: $10 - $20 -60,000 -60,000 -60,000 -70,000
3: Carbon Price: $20 - $40 -110,000 -110,000 | -110,000 | -130,000
4: Carbon Price: $40 -$60 -130,000 -130,000 | -130,000 | -170,000
5: CO2 Rate Limit -70,000 (0] 0 NA
6: Presidential CO2 Rate Limit -70,000 -20,000 -40,000 NA
7: Mass Emissions Reduction -70,000 -30,000 -40,000 NA
Change in Employment, 2035
(Percent)
Portfolios
Federal Policy Options 1: Nuclear 2: Nuclear | 3: Balanced 4: Coal
Banned Allowed Portfolio Portfolio

1: Reference Case 0.00% 0.00% 0.00% 0.00%
2: Carbon Price: $10 - $20 -2.11% -2.11% -2.11% -2.45%
3: Carbon Price: $20 - $40 -3.87% -3.87% -3.87% -4.55%
4: Carbon Price: $40 -$60 -4.58% -4.58% -4.58% -5.94%
5: CO2 Rate Limit -2.46% 0.00% 0.00% NA
6: Presidential CO2 Rate Limit -2.46% -0.70% -1.41% NA
7: Mass Emissions Reduction -2.46% -1.06% -1.41% NA
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Contact Information

Aron Patrick
Assistant Director

Aron.Pq’rrick(@kx.gov

Adam Blandford
Energy Analyst

Adam.Blandford@ky.gov

Kentucky Energy and Environment Cabinet
Department for Energy Development & Independence
502-564-7192

Twitter: @KYDEDI
Facebook: facebook.com/KentuckyDEDI

Website: energy.ky.gov
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